In this communication, attention is paid to analyze theoretically the influence of the temperature-dependent binary chemical reaction for hydro-magnetic viscous fluid flow, flowing through the porous medium due to the squeezing phenomenon. For better understanding of variations in the processes of convective heat and mass transport, Arrhenius activation energy is also accounted. The equations governing the flow, heat, and mass are altered into non-linear differential system (ordinary differential equation) by means of suitable conversion methods. Efficient convergent technique is employed to compute resulting non-linear system. The solutions thus acquired are utilized to interrogate the behavior of the physical operating variables on flow velocity, fluid temperature, and fluid concentration. Coefficient of skin friction and rate of heat and mass transport are graphically elaborated. From the graphs, it is concluded that the temperature of fluid dominates against activation energy parameter E and reaction parameter s. However, an opposite trend is noted for concentration field. Moreover, temperature field and fluid concentration are incremented for dominant thermal and solutal Biot numbers, respectively. This analysis has the industrial processes which include engine cooling system, polymer industry, lubrication mechanisms, design of cooling and heating systems, molding of plastic sheets, designing porous surfaces to decrease drag, optimizing oil/gas production, in the domain of engineering (i.e. chemical, biomedical, geothermal etc.), chemical or nuclear system, cooling process in nuclear reaction, biochemical process, bimolecular reaction, and polymeric flows which is electrically conducted can be restrained and managed by exploiting the magnetic field. Encouraged by such physical situations, the proposed analysis is accomplished.
Introduction
Recent advancement in the Darcy Law originates the fluid flows through porous medium and has gained the attention of research community in the practical perspective. Thus, the flows over and through porous layers have emerged in industrial and natural problems. These incorporate natural ground water flows, nutrients into plants, oil via porous bedrock, and blood flows into animal tissues. Furthermore, flow through permeable layers or plates (surfaces) is also encountered in various industrial processes including engine cooling system, lubrication mechanisms, design of cooling and heating systems, designing porous surfaces to decrease drag (i.e. aircraft wings with porous cavities), and production of gas and oil, where estimating and optimizing production were in focus. Zaytoon et al. 1 disclosed the flow over a porous surface with variable permeability. Jain and Bohra 2 explored the radiative flow through the rotating disk emerged in permeable medium considering variable fluid characteristics. Khan et al. 3 addressed the magneto-hydrodynamic (MHD) squeezed Casson liquid flow via porous medium. Javed et al. 4 disclosed the natural convection in MHD flow of ferrofluid through porous channels. Ullah et al. 5 elaborated the magnetic Casson liquid flow past a non-linear shrinkable/stretchable plate saturated in Darcian medium with Newtonian heating and velocity slip. Farooq et al. 6 described the generalized double-diffusive analysis in reactive Darcian flow of a squeezed fluid. Haq et al. 7 disclosed the magneto fluid flow past a permeable medium. Dogonchi et al. 8 reported the convective flow of hydro-magneto nanoliquid filled in a porous media. Javed et al. 9 explained the melting phenomenon in chemically reactive magnetic flow through a Darcian medium considering activation energy. Ullah et al. 10 discussed the squeezed MHD fluid flow in a Darcian medium.
The development in the dynamics of heat and mass transport by means of convective-type conditions is important in understanding a variety of industrial and engineering phenomenon. Such transport processes appear in material drying, transpiration cooling process, thermal energy storage and so on. Therefore, the choice of convective boundary conditions seems pertinent instead of taking isothermal/isoflux wall condition. Mixed convection impacts on slip flow of convectively concentrated and heated Casson fluid through a plate with non-linear stretching, Dufour and Soret phenomena is depicted by Ullah et al. 11 Hydro-magnetic stagnant Jeffrey fluid flow deformed by exponentially stretchable sheet with convective-type condition at boundary is exposed by Hayat et al. 12 The magnetic field effect on nanofluid flow with the introduction of convective conditions at surface is examined by Shehzad et al. 13 Hayat et al. 14 disclosed the Jeffrey nanofluid flow past a convectively heated non-linear stretchable surface assuming heat source (or sink). Hayat et al. 15 illustrated the radiation effects on squeezed second-grade liquid flow with convective surface condition.
Mass transfer process involving chemically reactive system with activation energy is used in various applications including recovery of thermal oil, food processing, chemical engineering, geothermal reservoirs, and cooling of nuclear reactions. However, few theoretical estimations of activation energy in the flow are found in existing literature. In most of the situations, chemical reaction interacts with mass transfer in a complex manner, and it can be noticed in the manipulation of reactant species at various rates both inside the mass transport and the fluid. In this regard, the analysis of binary chemically reactive system was initiated by Bestman. 16 Subsequently, Bestman 17 presented the radiative flow of mixture having combustible characteristic through vertical channel with Arrhenius activation energy. Makinde et al. 18 elaborated the chemically reactive binary mixture flow through porous sheet with radiative and convective effects. Chemical reaction features in binary mixture of convective fluid flow over a permeable sheet with Soret and Dufour impacts is determined by Makinde and Olanrewaju. 19 Several contributions into the area of binary-type reactive flows along with the features of activation energy were discussed by Maleque. [20] [21] [22] Awad et al. 23 reported the rotating flow of chemically reactive fluid with generalized Arrhenius theory. Their contributions motivated many other recent researchers to develop the theoretical analysis capable of predicting characteristics of binary mixture of chemically reactive fluid along with Arrhenius activation energy. [24] [25] [26] [27] [28] [29] Many engineering, biomedical, and industrial process are highly influenced by MHD fluid flows. It has applications in the field of magnetosphere, aeronautical plasma flows and so on. Furthermore, these processes comprise of designing of cooling/heating systems, nuclear reactors, measurement of blood flow, and MHD generators. Due to such wide-spread practical applications, MHD flows have enraptured the curiosity of researchers and scientists. Sheikholeslami 30 described the irreversibility analysis in magnetic nanofluid flow in a porous media. Sheikholeslami 31 discussed the magnetic flow of water-based Al 2 O 3 nanomaterial saturated in a permeable medium. Sheikholeslami and Mahian 32 disclosed the magnetic features in nanomaterial of inorganic nature. Sheikholeslami et al. 33 explored the Lorentz force effect in Darcy flow of water-based Fe 3 O 4 -ferrofluid with entropy phenomenon. Sheikholeslami et al. 34 reported the exergy analysis in magneto nanoparticles through Darcy media. Furthermore, noticeable works [35] [36] [37] [38] [39] [40] [41] [42] on MHD are also accounted in various physical situations.
Aforementioned attempts provide motivation to disclose the features of chemical reaction of binary type in addition with generalized Arrhenius assumption in heat and mass transport processes. These transport analysis are also characterized by novel aspects of convective transportation of heat and mass. The flow analysis is based on MHD squeezing phenomenon through a porous medium. Similarity approach is adapted to transmute non-linear ordinary differential equations (ODEs) which are computed by convergent procedure (homotopy analysis method (HAM)). [43] [44] [45] [46] [47] [48] [49] Obtained outcomes are demonstrated through graphs for velocity components, temperature, and fluid concentration corresponding to various involved parameter. Nusselt and Sherwood numbers in addition to drag force (skin friction) are also graphically described.
Description of the problem
Consider a fluid inside parallel sheets separated by the width h(t). The fluid is set into motion due to squeezing of the top plate and expansion of the bottom plate in its own plane with shrinking velocity ax=(1 À gt). It is assumed that the top plate approaches the bottom plate with vertical velocity À(g=2) ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi n=a(1 À gt) p
. The flow inside the plate is assumed unsteady and incompressible saturated in permeable medium. The governing flow equations of considered fluid model are developed in Cartesian coordinate system (x, y). Taking x-axis in the direction of lower sheet, while y-axis is considered in normal direction as displayed in Figure 1 . Magnetic field strength of constant intensity B 0 = ffiffiffiffiffiffiffiffiffiffiffiffiffi 1 À gt p acts perpendicular to the lower plate. Extra heating factor like temperature-dependent binary chemical reaction is accounted. Modified Arrhenius law is utilized to investigate the activation energy analysis in flow, heat, and mass transport of fluid.
Rheological flow equations for the problem under all these assumptions can be expressed as follows 22, 45 ∂u ∂x
Here, velocity components are u and v along axes x and y, respectively. Kinematics viscosity is denoted by n, electrical conductivity is denoted by s, fluid density is denoted by r, porosity of porous medium is denoted by f Ã , pressure is denoted by p, chemical reaction rate constant is denoted by k 2 r , permeability of porous medium is denoted by k Ã , magnetic field strength is denoted by B 0 , specific heat capacity is denoted by c p , fluid temperature is denoted by T , thermal conductivity is denoted by k, exothermic/endothermic coefficient is
Arrhenius function in which the temperature T n is linearized using Taylor's series, K 1 = 8:61 3 10 À5 eV=K represents Boltzman constant, activation energy is denoted by E a , and exponent fitted rate constant is denoted by n.
The appropriate boundary conditions are as follows
where U w denotes stretching velocity, T f and T h represent temperature of fluid and of upper plate, respectively, C f and C h represent particle concentration of fluid and at upper plate, respectively, a and g represent dimensional constant, respectively, h c and h f represent the mass and heat transport rate, respectively.
The following similarity variables are invoked 50
Condition for incompressibility is satisfied automatically, and the constitutive equations (2)-(5) after eliminating pressure term from equations (2)-(3) along with boundary condition (6) can be exhibited as
subject to the suitable boundary conditions
where Hartman number is Ha 2 , squeezing parameter is Sq, inverse Darcy number is Da À1 , Prandtl number is Pr, exothermic/endothermic parameter is l, reaction parameter is s, temperature ratio parameter is g 1 , activation energy parameter is E, thermal Biot number is B 1 , Schmidt number is Sc, solutal Biot number is B 2 are presented by
It is observed that the values of Sq\0 leads to away movement of the plates, Sq.0 indicates that the plates moves toward each other while Sq = 0 corresponds to stationary plate or steady case.
Mathematical expression for skin friction, rate of heat and mass transfer are as follows
In dimensionless variables, one has
where Re = U w x=n represents Reynolds number.
Method of solutions
Due to non-linear nature of equations (8)- (10), it is inconvenient to tackle exact solutions. Therefore, we opted to go for series solutions. To this end, we employed a convergent technique termed as homotopic procedure (HAM) to solve considered non-linear system of equations (8)- (10) . This method has dependence on initial guesses and linear operators which can be expressed for the present flow analysis as below
L f = f 0000 , L u = u 00 , L f = f 00 ð18Þ
with
where C i (i = 1 À 8) are arbitrary constants.
Zeroth-order problems
Non-linear operators are expressed as
where embedding parameter is q 2 ½0, 1, and h f , h u , and h f are auxiliary parameters, which are nonzero in character.
mth-order problems
Here
for q = 0 and q = 1, we can write 
We have selected parameter (auxiliary) in a way that series (34) converge at q = 1. Thus, we have
here f m , u m , and f m represent the general solutions in term of special solutions (f Ã m , u Ã m , f Ã m ) given by
where the constant C i (i = 1 À 8) are computed through boundary condition equations (26)- (28) .
The following is the flowchart of this analytical approximate procedure:
Convergence analysis
It is a well-established argument that homotopic procedure provides us flexibility and ensures the convergent series solutions of non-linear flow problem. For this purpose, the h-curves are sketched in Figure 2 to determine the region of convergence which is parallel to h-axis. Hence, Figure 1 depicts the allowable values of auxiliary parameters h f , h u , and h f as À1:6 ł h f łÀ 0:7, À 2:5 ł h u łÀ 0:4, and À2:5 ł h f łÀ 0:4, respectively.
Result and discussion
In this segment, results are graphed in order to demonstrate the flow characteristics, heat and mass transport phenomena associated with squeezing mechanism. Figures 3 and 4 illustrate the vertical and horizontal velocity components for diverse values of squeezing parameter (Sq). For higher Sq, both the components achieve maximum values. Physically, by escalating Sq, the squeezing force increases, which in turn increases the fluid motion. Thus, the velocity components also increase. Furthermore, the velocity field increases for the diverse values of h. The velocity profile is lower at the lower surface while higher at the upper plate. Figure 5 indicates how the Hartman number Ha affects the fluid velocity in two regions. As expected, fluid velocity increases with Ha in the interval ½0:0 À 0:5) due to a decrease in Lorentz forces. Moreover, horizontal velocity decays when Ha increases correspond to h from 0:5\h ł 1:0. Physically, the Lorentz force is stronger near the plates as compared to away from the plates. So that decrease in the flow velocity near the plates (0.5, 1] will balance the increase in velocity field within the central region [0, 0.5) which leads to an alternative flow behavior. Figure 6 demonstrates the fluid velocity plots for different Darcy numbers Da. One observed that Da effects are quite similar to the Ha effects. In the region 0:0 ł h\0:5, velocity dominates with increasing Da while increment of Da results in the domain 0:5\h ł 1:0 and thus greater Da represents resistance to flow so it decays fluid velocity. Figure 7 describes that fluid temperature curves corresponding to different Sq values decay due to decline in kinematic viscosity and its dependence on velocity and width that separates the walls. Effects of non-dimensional exothermic/endothermic parameter l on temperature field are exhibited through Figure 8 . A striking observation is made from this figure, that is, the temperature field becomes stronger for larger values of l. Physically, with an increment in l, the transfer of heat due to exothermic reaction is more in the working fluid, which enhances the temperature field. Figure 9 is developed to address the variations in fluid temperature versus thermal Biot number B 1 . It clearly depicts that temperature field rises for higher B 1 . Because of dominant thermal Biot number, thermal convection enhances, consequently temperature distribution will dominate. Figure 10 captures the variations of reaction parameter s on temperature field. It is seen that with increment of s, fluid temperature increases throughout the porous medium. In fact, dimensionless reaction rate greatly increases the reactant's kinetic energy, which allows more collisions between particles and consequently, temperature field increases. Figure 11 plots the temperature distribution for dominant temperature difference parameter g 1 . From figure, one observes that for strong g 1 temperature significantly rises. The increment is more pronounced near the lower plate which becomes heated due to cooling of upper plate. Figure 12 shows dimensionless temperature distribution for activation energy parameter E. This figure depicts that dimensionless temperature intensifies with increasing E. In fact, the number of energetic particles increases, that is, having energies equal (or greater) to activation energy corresponding to greater E which results in increased temperature distribution. The concentration curves for different variations in Schmidt number (Sc) are disclosed in Figure 13 . It is found that for small values of Sc, the effects of species diffusion rate are dominant and the resultant concentration field decays. Figure 14 is plotted to observe the impact of dimensionless reaction rate s on fluid concentration. It is noticed that when the s values are greater, then the concentration curves are smaller as the concentration gradient and its flux are higher, so that it will increase the fluid concentration. Figure 15 depicts the dimensionless concentration field versus temperature difference parameter g 1 . The smaller location of the concentration curves corresponds to larger g 1 . This is because, there would be an increase in lower and upper wall temperature difference with increasing g 1 . Variation of non-dimensional activation energy parameter E on fluid concentration is addressed in Figure 16 . Decline is declared in the concentration field with increasing E. On the physical aspect, destructive chemical reaction rate constant is stronger for high temperature and activation energy. Such strong reaction rate ensures decay in fluid concentration. Figure  17 exhibits the behavior of solutal Biot number B 2 on fluid concentration. Concentration field is noted to be an increasing function of B 2 . The reason behind this phenomenon is that Biot number is directly related to mass transfer coefficient. The coefficient of mass transfer increases for an increasing B 2 and the fluid becomes more concentrated which results in the domination of concentration field. The behavior of dimensionless drag force through increasing values of Darcy number Da and squeezing parameter Sq are exposed in Figure 18 . It is noted that drag force is greater for high Da, while it is a decreasing function of Sq. Graphical estimations of Nusselt and Sherwood numbers are illustrated in Figures 19 and 20 corresponding to diverse values of reaction parameter s and activation energy E. Figure  19 depicts that the estimations of Nusselt number are increased when s is increased. However, it reduces for larger E, and Figure 20 discloses that the Sherwood number decreases with an increase in s, whereas reverse trend is noticed for incrementing values of E. The drag force (or co-efficient of skin friction) Cf is computed for diverse values of squeezing parameter Sq with M = 0 and Da ! '. To validate the results, a comparison of different values of surface drag is made with a previous study by Muhammad et al. 51 and is displayed in Table 1 . It is reflected that the computed outcomes are in good agreement which depicts the accuracy of the results.
Concluding remarks
A mathematical estimation is exhibited to disclose the aspect of binary chemical reaction incorporates activation energy on squeezed MHD flow in porous medium under the influence of convective-type conditions at boundary. The flow problem is governed by fourthand second-order non-linear ODEs which are evaluated using homotopic technique. The eminent parameter impacts on velocity, fluid temperature, and fluid concentration are reported. The main outcomes regarding this study are as follows:
An increment in squeezing parameter Sq results in an increase in horizontal velocity, whereas it decreases fluid temperature. The velocity field in the region near the plate decays with dominant Darcy number Da, and it becomes stronger in the central region and consequently cross-flow behavior is observed. Dimensionless exothermic/endothermic parameter l improves the temperature field. Fluid temperature enhances when values of reaction parameter s, temperature ratio parameter g 1 , and dimensionless activation energy parameter E are incremented. The estimation of thermal Biot number B 1 on temperature field is more pronounced. Concentration field is less influenced with larger s, g 1 , and E. Larger solutal Biot number B 2 increases the concentration distribution.
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